In the summer of 2010, more than 6 hundred wildfires broke out in western Russia 3 because of an unprecedented intense heat wave that resulted from strong atmospheric 4 blocking. The present study evaluated the CO2 emissions using GOSAT (Greenhouse gases 
Introduction

19
Wildfire emissions are among the most important factors that affect the global 20 atmospheric composition, climate and local environmental pollution (Crutzen and Andreae, 21 1990). The burning of biomass is a major source of atmospheric particulates and some types 22 of greenhouse gases in the global troposphere (Garbaras et al., 2015) , and it has a strong effect 
27
The effect of wildfires on the accumulation of CO2 is obvious because the smoke plumes 28 released from the burning biomass contain large amounts of CO2 (Mei et al., 2012 
54
smoke aerosol emission factor during a wildfire event to assess the total amount of aerosol 55 and trace gas emissions. However, the FRP satellite products required validation, which was 56 not performed, and the study encountered several technical problems. Rosa et al. (2011) 57 argued that they could use an empirical model to obtain CO2 emissions from burned areas 58 because of the strong relationship between them. However, the empirical model must be 
62
Optical remote sensing data have been widely used for many years to monitor fire scars 
78
The present study selected wildfires that occurred in Russia during 2010 as a case study 79 to evaluate CO2 emissions using GOSAT data. As far as we know, this report describes for the 80 first time that calculating CO2 emissions from wildfire using satellite data alone. In this paper,
81
we (1) retrieve ∆XCO2 from wildfires smoke plumes by comparison with the clear sky values,
82
(2) identified smoke plume areas using GOSAT Cloud and Aerosol Imager (CAI) images, (3) 83 determined smoke plume heights from GOSAT Fourier-Transform Spectrometer (FTS)
84
Thermal InfraRed (TIR) data, (4) quantified the CO2 emissions, and (5) verified our results
85
with the BBM and emission ratio methods. 
113
The main purpose of the GOSAT project is to accurately assess the emission and 
119
In the present study, TANSO-FTS SWIR L2 data were used to obtain XCO2 changes (ΔXCO2) 120 due to forest fire emissions. CAI L1B+ images were used to identify smoke plumes, and
121
TANSO-FTS TIR L2 data were used to calculate the height of the smoke plumes. 
where M is the molecular weight of CO2, and ppm is the concentration of CO2, T is the 126 temperature (℃), and Ba is the atmospheric pressure (hPa).
127
Next, we calculated the height of a smoke plume (H) using the isotherm pressure 128 equation proposed by Wu (1990) :
where R is the universal gas constant (8.31 J mole -1 K -1 ), T is the thermodynamic temperature
130
(K), g is the gravitational acceleration (9.8 m s -2 ), P0 is the standard atmospheric pressure
131
(1013.25 hPa), P is the desired atmospheric pressure (hPa) and h (km) is the height of land 132 surface.
Biomass Burning Model
136
The summer forest fires in 2010 using GOSAT data. The BBM can be described as
where Es represents the CO2 emissions, A indicates the burned area (ha), B is biomass fuel 141 load (Mg ha −1 ), β is the combustion factor (%) and EF is the CO2 emission factor (g kg -1 ).
142
In this study, we did not consider CO2 released from soil because this is a very slow 
Emission ratio (ER)
150
Trace gas release from the burning of biomass could be explained by the emission ratio.
151
ERs are calculated from the excess concentration of a reference gas, usually CO (∆XCO) or 
163
GOSAT CAI L1B+ data were used to identify the smoke plumes that were released from
164
Russian forest fires in 2010. First, we downloaded all the CAI data that covered the study area 
210
The GOSAT-FTS TIR L2 data provided CO2 profiles at 28 levels of atmospheric pressure.
211
We selected 10 GOSAT TIR L2 data points from July 29 to August 18 that covered the smoke 
Height of forest fire smoke plumes in other studies
237
The wildfire smoke injected height has a strong influence on the smoke transport 238 distance and is also an important parameter in CO2 emission models. In the present study, the 239 wildfire smoke plume heights were determined to be a key factor for calculating the CO2 
297
Using the BBM discussed in section 2.4, we obtained CO2 emissions of 261.82~302.48 Tg, 298 which were slightly higher than those calculated from the GOSAT data but were within the 299 tolerance range. Differences in the burned areas, the time scale and the study regions may be 300 the reasons for the different results. In any case, this was an excellent result for us, which 301 means that it was achieved by using remote sensing data to estimate the CO2 emissions 302 without considering the wildfire process and parameters. 
Limitations of GOSAT data for evaluating CO2 emissions
346
GOSAT data can be used to determine CO2 emissions more easily than BBM. As Earth's surface in a review period. It is challenging to obtain enough FTS points that were 358 exposed to wildfire plumes. This means that if the smoke plumes were not large enough, it
359
would be difficult to obtain accurate values of △XCO2, which could further affect the CO2 360 emissions results.
361
On the other hand, GOSAT CAI has a limitation for obtaining smoke plumes at the same 362 time. The observation swath of CAI is 1,000 km (750 km for band 4), which means that if the mosaics were necessary. With the development of wildfires, the mosaicked smoke plume areas must have biases in representing the mean value of the 3 days of smoke plume areas.
367
This may also lead to bias in the CO2 emissions result. Because of the similar overpass time of 368 Aqua (13:30) and GOSAT (13:00), we could consider using MODIS Aqua images to identify 369 smoke plume areas. However, the relationships between the smoke plume density and ∆XCO2 370 might have a bias when using MODIS Aqua instead of GOSAT CAI.
371
Finally, the identifications of smoke plume areas were based on artificial visual 372 interpretations, and the accuracy of the results is dependent on the knowledge reserve and 373 our understanding of smoke plumes.
374
Conclusions
375
In this study, we used GOSAT as a data source to evaluate CO2 emissions from forest 
379
Following are the main conclusions drawn from the results:
380
(1) GOSAT CAI provided data well suited for distinguishing smoke plumes from clear 381 or cloudy skies.
382
(2) GOSAT FTS L1B data could be used to calculate the △XCO2 by comparing the XCO2 383 values that were exposed to smoke plumes from those that represented clear sky.
384
(3) GOSAT FTS TIR data, which provided the CO2 profiles, could be used to monitor the 
